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I N T R O D U C T I O N  

T h i s  memorandum d i s c u s s e s  t h e  problems a s s o c i a t e d  
w i t h  o p e r a t i n g  t h e  LM/ATM t e t h e r e d  t o  t h e  Workshop. Var ious  
t e t h e r e d  modes are  i d e n t i f i e d  and e v a l u a t e d  i n  an  a t t empt  t o  
nar row t h e  f i e l d  of  c h o i c e .  

A summary o f  t h i s  mater ia l  was p r e s e n t e d  t o  C.W. Mathews 
on March 2 2 ,  1967. 

CLASSIFICATION OF FLEXIBLE TETHER MODES 

Three d e s c r i p t o r s  a r e  r e q u i r e d  t o  d e f i n e  a t e t h e r e d  
mode. These are:  s y s t e m  a t t i t u d e ,  Workshop a t t i t u d e ,  and 
LM/ATM a t t i t u d e .  The term s y s t e m  a t t i t u d e  r e fe r s  t o  t h e  
a t t i t u d e  o f  t h e  l i n e  be tween t h e  centers -of -mass  of t h e  Work- 
shop  and t h e  LM/ATM. The f o u r  p o s s i b l e  modes of  t e the red  
o p e r a t i o n  are i d e n t i f i e d  on F i g u r e  1 and are i l l u s t r a t e d  on 
F i g u r e s  2 and 3. 

Mode 1 i s  e s s e n t i a l l y  t h a t  which was flown on t h e  
Gemini X I 1  m i s s i o n .  A great  dea l  o f  a n a l y s i s  on t h e  dynamics 
o f  t h i s  mode has been  done a t  MSC. For t h e  LM/ATM m i s s i o n ,  
however,  t h i s  mode i s  i n a p p l i c a b l e  s i n c e  t h e  LM/ATM must be 
i n e r t i a l l y  o r i e n t e d  towards  t h e  sun .  

I n  Mode 2 t h e  Workshop i s  g r a v i t y - g r a d i e n t  s t a b i l i z e d  
w h i l e  t h e  LM/ATM i s  h e l d  i n e r t i a l l y  o r i e n t e d  toward t h e  sun  by 
t h e  CMG s y s t e m ,  Observe t h a t  t h e  t e t h e r  wraps a round t h e  LM/ATM 
once  p e r  o r b i t .  
means must b e  d e v i s e d  f o r  coping  w i t h  t h i s  problem. O f  p a r t i c u l a r  
conce rn  i s  p o s s i b l e  i n t e r f e r e n c e  of t h e  t e the r  w i t h  t h e  s o l a r  
array on t h e  ATM r a c k .  We s h a l l  r e t u r n  t o  t h i s  problem sub-  
s e q u e n t l y .  

Consequent ly ,  if t h e  mode i s  t o  be u s e f u l ,  

Mode 3 i s  t h e  same as Mode 2 e x c e p t  t h a t  t h e  Workshop 
i s  a l s o  i n e r t i a l l y  o r i e n t e d .  T h i s  r e s u l t s  i n  t h e  t e t h e r  wrapping  
around t h e  Workshop as well as t h e  LM/ATM. The mode t h e r e f o r e  
seems t o  have a l l  t h e  d i s a d v a n t a g e s  o f  Mode 2 and i n  a d d i t i o n  a 
p r i c e  m u s t  b e  p a i d  f o r  h o l d i n g  t h e  Workshop i n e r t i a l l y  o r i e n t e d .  
Mode 3 i s  t h e r e f o r e  r e j e c t e d  from f u r t h e r  c o n s i d e r a t i o n ,  
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I n  Mode 4 t h e  i d e a  i s  t o  h o l d  t h e  s y s t e m  as w e l l  as 
t h e  Workshop and LM/ATM i n e r t i a l l y  o r i e n t e d .  The m o t i v a t i o n  
f o r  c o n s i d e r i n g  t h i s  mode i s  t h a t  t he re  i s  no wrap-up. 

Having e l i m i n a t e d  Modes 1 and 3 from f u r t h e r  con- 
s i d e r a t i o n ,  t h e  r ema inde r  o f  t h i s  memorandum i s  devo ted  t o  
a d i s c u s s i o n  o f  Modes 2 and 4 .  

MODE 2 AND THE WRAP-UP PROBLEM 

Two ideas p r e s e n t  t hemse lves  i m m e d i a t e l y  f o r  c o p i n g  
w i t h  t h e  wrap-up problem. The  f i r s t  idea i s  t o  mount t h e  e n t i r e  
LM/ATM i n s i d e  a p a i r  o f  gimbals  and have t h e  t e t h e r  run  from t h e  
o u t e r  g imbal  t o  t h e  Workshop. The g imbal -enc losed  LM/ATM and 
Workshop would f l y  as i n  Mode 1 b u t  t h e  LM/ATM would be  i n e r t i a l l y  
o r i e n t e d  i n s i d e  t h e  gimbals.  The g imba l  r i n g s  would o f  c o u r s e  
have  t o  be  large enough t o  permi t  c l e a r a n c e  a round t h e  LM/ATM 
and i t s  s o l a r  a r r ay .  I n  view of  t h e  s i z e  o f  t h e  g imba l s  r e q u i r e d ,  
t h i s  concept  seems rather  d i f f i c u l t  t o  implement and i s  t h e r e f o r e  
s e t  as ide.  

The second idea f o r  d e a l i n g  w i t h  t h e  wrap-up problem 
i s  i l l u s t r a t e d  i n  F i g u r e  4 .  A boom i s  at tached t o  t h e  LM/ATM 
and t h e  t e t h e r  r u n s  from t h e  t i p  o f  t h e  boom t o  t h e  Workshop. 
The boom i s  connec ted  t o  t h e  LM/ATM by a j o i n t  which p e r m i t s  
o r i e n t a t i o n  o f  t h e  boom so t h a t  i t  i s  p e r p e n d i c u l a r  t o  t h e  
o r b i t a l  p l a n e .  A solar o r i e n t a t i o n  o f  t h e  LM/ATM i s  m a i n t a i n e d  
b y  t h e  CMG s y s t e m .  The  u t i l i t y  o f  t h e  boom i s  d i s p l a y e d  i n  t h e  
lower  r i g h t  c o r n e r  of  F i g u r e  4 where w e  see t h a t  t h e  boom must 
be  s u f f i c i e n t l y  l o n g  s o  t h a t  when t h e  t e t h e r  passes o v e r  t h e  
LM/ATM i t  does n o t  i n t e r f e r e  w i t h  t h e  s o l a r  array.  

A l l  t h e  t e c h n i c a l  q u e s t i o n s  conce rn ing  implemen ta t ion  
of  t h e  boom idea have n o t  been e x p l o r e d  as o f  t h i s  w r i t i n g .  How- 
e v e r ,  a n a l v s e s  have been t x r f o r r n e d ( l ) w h i c h  i n d i c a t e  t h a t  if pro-  
p e r  i n i t i a l  c o n d i t i o n s  are e s t a b l i s h e d  t h e  mode i s  dynamica l ly  
s t a b l e .  

An estimate has been made on w h e t h e r  or n o t  t h e  CMG 
s y s t e m  can  c o u n t e r a c t  t h e  t o r q u e  on t h e  LM/ATM due t o  t h e  
t e n s i o n  i n  t h e  t e t h e r .  The t e n s i o n  i n  t h e  t e t h e r  as a f u n c t i o n  
o f  t h e  Workshop-LM/ATM s e p a r a t i o n  i s  shown i n  F i g u r e  5.  A 

( l )Hough ,  W . W .  T e t h e r  Management P r o p o s a l s ,  Bellcomm 
T e c h n i c a l  Memorandum TM-67-1022-1, i n  p r e p a r a t i o n .  
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s u i t a b l e  s e p a r a t i o n  between t h e  two v e h i c l e s  f o r  safe o p e r a t i o n  
i s  1 0 0  f e e t .  Fo r  such a s e p a r a t i o n ,  t h e  t e n s i o n  i n  t h e  t e t h e r  
i s  approx ima te ly  0 . 2 3  l b s .  S i n c e  t h e  LM/ATM and boom are 
i n e r t i a l l y  o r i e n t e d  w h i l e  t h e  Workshop i s  t r a c k i n g  t h e  l o c a l  
v e r t i c a l ,  t h e  t e n s i o n  i n  t h e  t e t h e r  produces  a t o r q u e  v e c t o r  
on t h e  LM/ATM which r o t a t e s  once p e r  o r b i t  (see F i g u r e  6 a ) .  
To c o u n t e r a c t  t h i s  t o r q u e  t h e  CMG s y s t e m  must produce  a r o t a t i n g  
momentum v e c t o r  which lags t h e  t o r q u e  v e c t o r  b y  goo (see 
F i g u r e  6 b ) .  I n  a c i r c u l a r  o r b i t  t h e  magnitude of  t h e  r e q u i r e d  
momentum v e c t o r  i s  e q u a l  t o  t h e  magnitude of t h e  t o r q u e  v e c t o r  
d i v i d e d  by t h e  o r b i t a l  r a t e .  

%-I. r . i g u r e  7 shows t h e  r e i a t i o n  between t n e  r e q u i r e d  
momentum v e c t o r  and t h e  r a d i a l  e x t e n s i o n  o f  s o l a r  a r r a y ,  The 
solar  array as p r e s e n t l y  p lanned  e x t e n d s  47.5 f t .  o r  more and 
would r e q u i r e  t h e  CMG s y s t e m  t o  p r o v i d e  a r o t a t i n g  momentum 
v e c t o r  o f  approx ima te ly  9800 f t . l b . s e c .  The p r e s e n t  sys t em 
canno t  meet t h i s  r equ i r emen t  s i n c e  t h e  s p i n  a n g u l a r  momentum 
of e a c h  g y r o  i s  on ly  2000 f t . l b . s e c .  

The maximum r o t a t i n g  momentum v e c t o r  t h e  CMG s y s t e m  
can  p r o v i d e  i s  between 2000 and 5700 f t . l b . s e c .  T h i s  r ange  of  
v a l u e s  a r i s e s  because  t h e r e  are mechanica l  s t o p s  on t h e  I n n e r  
gimbals of each  CMG t o  p r e v e n t  gimbal  l o c k .  As a r e s u l t ,  
comple te  r o t a t i o n  o f  t h e  maximum momentum v e c t o r  about  c e r t a i n  
a x e s  o f  t h e  s p a c e c r a f t  i s  p rec luded .  The d e t a i l s  o f  t h i s  
phenomenon are beyond t h e  scope  o f  t h i s  memorandum. The main 
p o i n t  i s ,  however, t h a t  a t a u t  t e t h e r  mode f o r c e s  a c o n s t r a i n t  
on t h e  r ad ia l  e x t e n s i o n  o f  t h e  s o l a r  a r ray .  

The impact of t h i s  c o n s t r a i n t  i s  i l l u s t r a t e d  on 
F i g u r e  8. P a r t  ( a )  of  t h e  f i g u r e  shows t h e  1400 s q . f t .  s o l a r  
array on t h e  LM/ATM as p r e s e n t l y  p lanned .  I n  par t  ( b )  a 
p o s s i b l e  r e c o n f i g u r a t i o n  of t h e  s o l a r  a r r a y  i s  shown which has 
t h e  same area bu t  w i t h  t h e  r ad ia l  e x t e n s i o n  reduced  t o  a p o i n t  
where t h e  CMG s y s t e m  can  cope w i t h  some t a u t  t e t h e r  o p e r a t i o n s .  
The changes r e q u i r e d  t o  t he  s o l a r  a r ray  a r e  s i g n i f i c a n t  and it 
seems i m p r a c t i c a l  t o  c o n s i d e r  r e d e s i g n  a t  t h i s  stage of t he  
hardware  development o f  t he  LM/ATM f o r  A A P  4 .  

MSFC'S SLACK TETHER MODE 

MSFC has unde r  s t u d y  a s l a c k  t e t h e r  v e r s i o n  o f  Mode 2 .  
The s l a c k  t e t h e r  does  n o t  avoid  t h e  wrap-up problem and a boom 
i s  r e q u i r e d  on t h e  LM/ATM. However, s i n c e  t h e  t e t h e r  i s  s l a c k ,  
t h e  CMG s y s t e m  does  n o t  have t o  cope w i t h  t h e  t o r q u e  produced 
by t e n s i o n  i n  t h e  t e t h e r .  The d i s a d v a n t a g e  o f  t h e  mode i s  t h a t  
p e r i o d i c a l l y  t h e  r e l a t i v e  v e l o c i t y  between t h e  LM/ATM and t h e  
Workshop must b e  a d j u s t e d  r a the r  p r e c i s e l y  b y  t u g g i n g  on t h e  
t e t h e r .  The f o l l o w i n g  d e s c r i p t i o n  o f  t h e  mode i s  a b s t r a c t e d  
from a memorandum by B.S.  P e r r i n e ,  Jr. of MSFC. 
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I n i t i a l l y  t h e  Workshop and LM/ATM are  i n s e r t e d  i n t o  
a n e a r  c i r c u l a r  o r b i t .  Due t o  t h e  d i f f e r e n c e  i n  aerodynamic 
drag on t h e  Workshop and LM/ATM t h e  s e p a r a t i o n  between t h e  
two v e h i c l e s  changes throughout  t h e  o r b i t .  F i g u r e  9 d e p i c t s  
a method by  which t h e  two v e h i c l e s  can be k e p t  i n  c l o s e  
p r o x i m i t y  of one a n o t h e r  d e s p i t e  t h e  d i f f e r e n c e  i n  drag .  

A t  t h e  o u t s e t  l e t  t h e  Workshop b e  a t  p e r i g e e  w i t h  
t h e  LM/ATM a t  t h e  same r a d i u s  and 30 m. beh ind  t h e  S-IVB 
b u t  w i t h  a d i f f e r e n t i a l  v e l o c i t y  of ,0029 m./sec.  g rea te r  
t h a n  t h e  S- IVB.  With these c o n d i t i o n s  t h e  apogee r a d i u s ,  
semimajor  a x i s ,  and p e r i o d  of t h e  LM/ATM o r b i t  are  g rea t e r  
t h a n  t h a t  or? t n e  workshop o r b i t .  Aftzi- h a l f  an o r k i t ,  t h e  
two v e h i c l e s  are a t  apogee w i t h  t h e  LM/ATM hav ing  f a l l e n  
beh ind  (due  t o  i t s  i n c r e a s e d  p e r i o d )  and r a d i a l l y  above t h e  
Workshop as i n d i c a t e d  i n  F i g u r e  9 ,  p o s i t i o n . 5 .  Af t e r  one 
comple te  o r b i t ,  t h e  v e h i c l e s  are  back a t  p e r i g e e  w i t h  t h e  
LM/ATM now a t  p o s i t i o n  1. Atmospheric d rag  has caused  i t s  
p e r i g e e  p o i n t  t o  f a l l  below t h e  i n i t i a l  per igee  p o i n t .  The  
apogee r a d i u s  i s  a l so  decaying  and  a f t e r  two o r b i t a l  p e r i o d s ,  
t h e  decay has been s u f f i c i e n t  t o  d e c r e a s e  t h e  semimajor  a x i s  
o f  t h e  LM/ATM o r b i t  t o  be equal t o  t h a t  of  t h e  Workshop o r b i t .  
Af te r  t h i s  happens t h e  p e r i o d  o f  t h e  LM/ATM o r b i t  becomes 
l e s s  t h a n  t h a t  o f  t h e  Workshop and t h e  LM/ATM b e g i n s  t o  c a t c h  
up. After 3 1 / 2  o r b i t s ,  t h e  LM/ATM apogee r a d i u s  has decayed 
t o  t h a t  of t h e  Workshop o r b i t  and t h e  LM/ATM has come t o  wi th-  
i n  22.5 m. o f  t h e  Workshop. A t  t h i s  t ime ,  t h e  t e t h e r  i s  reeled 
t a u t  and an impu l se  i s  imparted t h r o u g h  i t  t o  g i v e  t h e  LM/ATM 
a v e l o c i t y  of .0034 m./sec.  g r e a t e r  t h a n  t h e  Workshop. T h i s  
c a u s e s  t h e  per igee  r a d i u s ,  semimajor a x i s ,  and p e r i o d  o f  t h e  
LM/ATM o r b i t  t o  be i n c r e a s e d .  Af t e r  f o u r  o r b i t s ,  t h e  LM/ATM 
i s  a t  p o i n t  and t h e  decay b e g i n s  a g a i n .  The i n i t i a l  c o n d i t i o n s  
on p o s i t i o n  are n e a r l y  d u p l i c a t e d  a f t e r  about  s even  o r b i t s .  
The i n i t i a l  v e l o c i t y  c o n d i t i o n s  can b e  d u p l i c a t e d  by a n o t h e r  p u l l  
on t h e  t e t h e r .  By r e p e a t i n g  t h i s  sequence  e v e r y  seven  o r b i t s ,  
t h e  two v e h i c l e s  may b e  k e p t  w i t h i n  a g i v e n  s e p a r a t i o n  d i s t a n c e  
for t h e  d u r a t i o n  of t h e  l i f e t i m e  o f  t h e  Workshop o r b i t .  It 
s h o u l d  b e  n o t e d  t h a t  t h e  i n i t i a l  d i f f e r e n t i a l  v e l o c i t y  a t  perigee 
i s  such  t h a t  t h e  apogee r a d i u s  w i l l  be  ra ised e x a c t l y  by  t h e  
amount t h a t  i t  w i l l  be  decayed d u r i n g  3 1 / 2  o r b i t s  b y  t h e  
d i f f e r e n c e  i n  drag .  Also,  a s imi la r  r equ i r emen t  a p p l i e s  t o  
r a i s i n g  t h e  per igee r a d i u s  when t u g g i n g  on t h e  t e t h e r  a f t e r  3 1 / 2  
o r b i t s .  The  c h o i c e  of making a t u g  on t h e  t e t h e r  eve ry  3 1 / 2  
o r b i t s  i s  a r b i t r a r y .  T h i s  could  b e  g e n e r a l i z e d  i n t o  making a 
t u g  eve ry  n + 1 / 2  o r b i t s .  
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VARIOUS APPROACHES TO MODE 4 

The f i r s t  i d e a  examined f o r  Mode 4 was t o  p l a c e  t h e  
Workshop and LM/ATM i n  congruent  e l l i p t i c a l  o r b i t s  as shown 
on F i g u r e  1 0 .  I n  such  an  o r b i t a l  p a t t e r n  t h e  s e p a r a t i o n  
between v e h i c l e s  v a r i e s  between 1 0 0  f t  ( =  2 ea) and 200 f t  
( =  4 e a ) .  
e s t a b l i s h e d  by  n o t i n g  t h a t  f o r  a 250 nm. o r b i t  t h e  r e q u i r e d  
e c c e n t r i c i t y  i s  2.23 x which i s  e q u i v a l e n t  t o  a d i f f e r e n c e  
between t h e  semimajor and semiminor a x e s  o f  .0007 i n c h .  

The i m p r a c t i c a l i t y  o f  a c h i e v i n g  t h i s  mode i s  e a s i l y  

The  d q f f i c u l t i e s  assoc ia ted  w i t h  t h e  f o r e g o i n g  idea 
leads one t o  c o n s i d e r  t h e  p o s s i b i l i t y  of  a r i g i d  t e t h e r .  An 
idea f o r  Mode 4 w i t h  a r i g i d  t e t h e r  i s  i l l u s t r a t e d  i n  F i g u r e  11. 
The LM/ATM i s  j o i n e d  t o  t h e  t e t h e r  v i a  a r o t a t i n g  j o t i n g  which, 
i d e a l l y ,  does  n o t  t r a n s m i t  t o r q u e .  Both v e h i c l e s  are  i n e r t i a l l y  
o r i e n t e d  w i t h  a CMG s y s t e m  on t h e  Workshop as w e l l  as one on t h e  
LM/ATM. The dynamical  p r o p e r t i e s  o f  such  a c o n f i g u r a t i o n  have 
n o t  been i n v e s t i g a t e d ,  b u t  t h e  scheme seems f eas ib l e .  

P l a c i n g  a n o t h e r  CMG s y s t e m  on t h e  Workshop as mentioned 
above i s  an u n p a l a t a b l e  s u g g e s t i o n  f o r  t h e  f i rs t  LM/ATM m i s s i o n .  
Without  a CMG s y s t e m  on t h e  Workshop t h e  R C S  s y s t e m  on t h e  CSM 
would be needed for t h e  a t t i t u d e  c o n t r o l  j o b .  The R C S  f u e l  
r e q u i r e d  f o r  a 28-day mis s ion  would be  approx ima te ly  5850 l b s .  
as compared t o  a maximum extended  s to rage  c a p a c i t y  o f  3032 l b s .  
T h i s  s e t  o f  c i r cums tances  l e a d s  one t o  i n q u i r e  i n t o  t h e  p o s s i b i l i t y  
o f  f l y i n g  t h e  Workshop i n  a q u a s i - i n e r t i a l  mode which does n o t  
r e q u i r e  e i t h e r  a CMG s y s t e m  o r  l a rge  amounts of  RCS f u e l .  Such 
a mode i s  i l l u s t r a t e d  on F i g u r e  1 2 .  

It  can be shown t h e o r e t i c a l l y ( 2 ) t h a t  by a p p r o p r i a t e l y  
s e t t i n g  t h e  a t t i t u d e  r a t e  of t h e  Workshop, i t  w i l l  o s c i l l a t e  
w i t h  r e s p e c t  t o  t h e  i n e r t i a l  o r i e n t a t i o n  and hence  i t s  a t t i t u d e  
w i l l  b e  q u a s i - i n e r t i a l .  The t o l e r a n c e s  on t h e  a t t i t u d e  r a t e  
which must b e  e s t a b l i s h e d  are t i g h t  and r e q u i r e s  t h e  u s e  o f  
r a t e  gyros  which are  s e n s i t i v e  t o  .001 d e g . / s e c .  as compared 
t o  t h o s e  on t h e  Apollo CMS which are  s e n s i t i v e  t o  .01 deg. / sec .  
It has been estimated t h a t  f o r  a 28-day m i s s i o n  approx ima te ly  
300 l b s .  of R C S  f u e l  would b e  r e q u i r e d  t o  m a i n t a i n  t h e  mode. 
The t o r q u e  on t h e  LM/ATM due t o  t h e  f o r c e s  i n  t h e  r i g i d  t e t h e r  
imposes a momentum s t o r a g e  requi rement  o f  approx ima te ly  

( 2 ) E l r o d ,  B . D .  Q u a s i - I n e r t i a l  S t a b i l i z a t i o n  of  AAP 1 / 2  
C l u s t e r  C o n f i g u r a t i o n ,  Bellcomm T e c h n i c a l  Report  TR-67-600-3-1, 
i n  p r e p a r a t i o n .  
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2500 f t . l b . s e c .  which i s  well  w i t h i n  t h e  c a p a b i l i t y  of  t h e  
CMG sys tem.  The q u a s i - i n e r t i a l  mode, however, i s  s t i l l  i n  
t h e  c a t e g o r y  o f  a n  i d e a  s i n c e  a l l  t h e  t e c h n i c a l  problems 
a s s o c i a t e d  w i t h  i t s  o p e r a t i o n  have n o t  been i n v e s t i g a t e d .  

SUMMARY AND CONCLUSIONS 

Four  c a n d i d a t e  methods o f  t e t h e r e d  o p e r a t i o n  have  
been  i d e n t i f i e d .  These are:  

1. 

2 .  

3. 

4, 

Mode 2 ,  w i t h  a t a u t  f l e x i b l e  t e t h e r :  r e q u i r e s  a 
boom on t h e  LM/ATM and a r e c o n f i g u r e d  s o l a r  a r ray .  

Mode 2 ,  w i t h  a s l a c k  t e t h e r ,  under  s t u d y  a t  MSFC: 
r e q u i r e s  a boom on LM/ATM. P e r i o d i c a l l y  t h e  t e t h e r  
must be  r ee l ed ,  i n  and tugged  i n  o r d e r  t o  c o r r e c t  
t h e  r e l a t i v e  v e l o c i t i e s  between t h e  LM/ATM and t h e  
Workshop. 

Mode 4 ,  w i t h  a r i g i d  t e t h e r :  p o s s i b l e  w i t h  a CMG 
s y s t e m  on t h e  Workshop as w e l l  as one on t h e  LM/ATM. 

Q u a s i - i n e r t i a l  mode w i t h  a r i g i d  t e t h e r :  r e q u i r e s  
,001 deg . / sec .  r a t e  gy ros  as  compared t o  t h e  
.01 d e g . / s e c .  gy ros  t h a t  are on t h e  Apol lo  CSM. 

Methods 1, 2 ,  and 4 have a common drawback; namely,  
t h e  t i g h t  t o l e r a n c e s  on i n i t i a l  a t t i t u d e  ra tes  and r e l a t i v e  
v e l o c i t i e s  of t h e  LM/ATM and Workshop. Such problems e x i s t e d ,  
however,  i n  t h e  t e t h e r e d  f l i g h t  o f  Gemini X I  and XI1 and were 
s o l v e d .  
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TENSION VS. VEHICLE SEPARATION 
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-REQUIRED MOMENTUM VECTOR VS. SOLAR ARRAY SIZE 
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